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ABSTRACT 
Increasing awareness has been lately paid to the toxicity of synthetic additives used in food. The main aim of this study was to survey the renal 
and testicular toxicity of synthetic food dye brilliant blue. Administration of the brilliant blue (BB) changed body and relative organs weights, 
serum creatinine, urea (BUN), uric acid and serum FSH, LH, testosterone levels. This study proved that BB induced oxidative damage as 
manifested by significant increase in Lipid peroxidation with disorganization in the activity of glutathione peroxidase, protein carbonyl and 
reactive oxygen species content. Histopathological changes include: infiltration and vacuolation in kidney. In addition; degeneration and necrosis 
of spermatogoneal cells lining seminiferous tubules in testis. Furthermore; BB induced appotosis via activation of casp-3. Administration of 
curcumin with BB attenuated the cytotoxic effects of brilliant blue on kidney and testis tissues and reducing apoptotic cell death as well as 
improved the redox status of kidney and testis.  
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1. INTRODUCTION 
A number of food coloring additives are added to improve 
the appearance of the food items and drinks or any non-food 
applications including pharmaceuticals 1,2. Colorant gives an 
aesthetic semblance to diet 3. Synthetic organic colorants as 
Brilliant blue, tartrazine, erythrosine, sunset yellow, fast red 
E, ponceau 4R, orange GGN, allura red and scarlet GN are 
widely applied due to their coloring properties, high stability 
and inexpensive. But; some of them become harmful after 
prolonged use, causing health problems such as indigestion, 
anemia and allergic reactions as asthma and urticaria, 
mental retardation, abnormalities in off-springs, growth 
retardation and eye defects resulting in blindness 4,5. 
As well, several studies on some synthetic flavors were 
reported to cause health hazards to consumers. Shousha et 
al. (1992) 6 found that oral administration of synthetic 
banana flavors caused energy, carbohydrate, lipid and 
nucleic acid metabolism disorder in brain, liver and kidney 
tissues of rats. El-Wahab and El-Deen Moram (2013) 7 
found that ingestion of these food colorants and flavor 
affected the free radicals system because of its role in tissue 
damage. 
Actually, these colorants are not 100% safe and its use might 
prove to be harmful in one way or the other. Food additives 
are detected one of the xenobiotics that humans are 
undergoing to exposure 8.  Its metabolism to large extent 
takes place   in the   liver 9, these metabolites sometimes 
become more toxic than the initial substance 10.   Xenobiotics 
can produce a serious of biologic effects as pharmacologic 
responses, toxicity, immunologic response and cancer 8. 
For years now, it has been established that curcumin is an 
orange-yellow crystalline powder and has bifunctional 
natural antioxidant activity in a direct and an indirect way by 
scavenging free radicals 11. In addition, there is an extensive 
study that suggests that curcumin has possibility in the 
prevention and treatment of a variety of other diseases. 
Therefore; almost companies are actually providing several 
curcumin products in the form of drinks, tablets, capsules, 
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creams, gels, nasal sprays, extracts and coloring agents for 
both safe to eat and medical needs 12. 
This study was elucidating the renal and testicular toxic 
effects of the synthetic dye brilliant blue in rats by 
determining some of the biochemical parameters, oxidative 
stress parameters as well as apoptotic factor (Casp-3) and 
this study demonstrated that curcumin has antioxidant and 
antiapoptic activity against brilliant blue toxicity.  
2. MATERIALS AND METHODS 
2.1. Animals: 
Adult male Sprague–Dawley rats weighing 140–150 g were 
used in the present study. They were obtained from the 
breeding colony maintained at the animal house of the 
National Organization for Drug Control and Research (Giza, 
Egypt). Animals were caged in four groups, given Purina 
chow, and water was allowed ad libitum. Animals were 
allowed at least for one week of acclimatization before using 
them. Animal handling was in accordance to the guidelines of 
the Research Ethical Committee of the National Organization 
for Drug Control and Research (NODCAR, Cairo, Egypt) and 
in accordance to the ethical procedures and policies 
approved by Ethical Research Committee of Faculty of 
Pharmacy, Cairo University, Egypt and complied with the 
Guide for the Care and Use of Laboratory Animals (1996)13. 
2.2. Chemicals:  
Food colors additives Brilliant blue was obtained from the 
local market and administered orally according to (Walton 
et al., 1999) 14, Curcumin was supplied by Sigma-Aldrich 
(Germany) in a dose (50 mg/kg) according to Farghaly and 
Hussein (2010) 15.  
2.3. Experiment Design: 
Thirty two adult male Sprague-Dawley rats were divided 
randomly into four groups as follow:  
Normal control (NC): Rats were feeding basal diet with one 
ml saline solution as a vehicle for 30 days. 
Brilliant blue-treated (BB): Rats were fed basal diet and 
received 20 mg/kg Brilliant blue orally for 30 days. 
Brilliant blue-treated plus curcumin (BB+CUR): Rats were 
fed basal diet and received curcumin (50 mg/ kg) two hours 
before the administration of 20 mg/kg Brilliant blue for 30 
days. 
Curcumin treatment (CUR): Rats were fed basal diet and 
received 50 mg/kg curcumin alone orally for 30 days. 
2.4. Tissue Sampling: 
At the end of the experimental period, all rats were fasted for 
12 hours and then the blood samples were collected from 
venous sinus in centrifuge tubes to separate serum by 
centrifugation at 3000 rpm for 15minutes. Sera were kept at 
-80oC for biochemical analyses. In addition, the kidney and 
the testis were dissected and isolated immediately, plotted 
free from adhering blood, and dried between two filter 
papers. Each tissue sample was then weighed. Parts from 
kidney and testis were kept in 10% formalin to examine 
histologically and the other parts were kept at -80oC for 
biochemical examination in kidney and testis tissues. 
2.5. Biochemical Examination: 
The kidney and testis tissues were homogenized   in   sodium   
phosphate   buffer (pH 7.2) using a Teflon homogenizer 
(Heidolph   Silent Crusher   M),and   then the homogenates 
were centrifuged at 10,000×g  for 15 min at 4°C.    
2.5.1. Measurement of blood urea nitrogen (BUN), 
creatinine and uric acid:  
Colorimetric assay kits for the measurement of BUN 
(Wybenga et al., 1971) 16, creatinine (Henry, 1974) 17 and 
uric acid (Young, 2001) 18 levels (Diamond Diagnostics, 
Cairo, Egypt). 
2.5.2. Measurement of serum FSH, LH and total 
Testosterone concentrations:  
In the serum were measured using commercial radio-amino 
assay (RIA) kits (NanJing Jiancheng Co. Lot DF00008).  
2.5.3. Determination of reactive oxygen species (ROS) 
content:  
ROS was determined in both tissues homogenate according 
to the method of Vrablic et al. (2001) 19. 
2.5.4. Determination of lipid peroxidation content 
(LPO):  
Lipid peroxides formation was determined in both tissues 
homogenate as thiobarbituric acid reactive substances 
(TBARS). It was determined according to the method of 
Uchiyama and Mihara (1978) 20. 
2.5.5. Determination of protein carbonyl content (PC):  
Protein carbonyl concentration was measured in both 
tissues by first forming labeled protein hydrazone 
derivatives using 2, 4-dinitrophenyl hydrazide (Smerjac and 
Bizzozero, 2008) 21. 
2.5.6. Measurement of glutathione peroxidase (GPx) 
Activity:  
GPx   activity   was   measured using   H2O2 as substrate   
according   to   the   method described by Brigelius-Flohe 
(1999) 22. The reaction was monitored indirectly as the 
oxidation   rate of NADPH at 240 nm for 3 min. Enzyme 
activity was expressed as nmol/mg protein.  
2.6.1. Histopathology 
For histopathological examination, kidney and testis tissues 
were dissected and tissue samples were fixed in 10% neutral 
formalin for 24h.  Then samples were processed   using   a 
graded ethanol series   and embedded in   paraffin.  Paraffin 
sections were cut into 6µm-thick slices and stained with 
hematoxylin and eosin (H&E) for light microscopic 
examination (Banchroft et al., 1996) 23. 
2.6.2. Immunohistochemical Staining of Caspase-3(Casp-
3): 
The paraffinic testis and kidney were cut into 5-μ m sections 
and launched on positively charged slides for caspase-3 IHC. 
Sections were dewaxed, rehydrated and autoclaved at 120°C 
for 10 min in 10 mm citrate buffer (pH 6). Wash used PBS 
(pH 7.2) and then added 0.3% H2O2 in methanol for 15   min 
for blocking endogenous peroxidase. Slides washed again in 
PBS, and blocking were completed by adding blocking buffer. 
Incubate for 30   min at room temperature. Caspase-3 
Polyclonal Antibody (Cat. No. PA1- 29157, Thermo Fisher 
Scientific Co., USA) was added after dilution by PBS (1:1,000) 
and incubated for 30 min. The slides were washed three 
times with wash buffer each for 3 min. Secondary antibody 
(Cat. No. 61- 9520, Thermo Scientific Co., USA) were applied 
to tissue sections and incubated for 30 min. The slides were 
washed three times for 3 min with wash buffer. Metal 
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Enhanced DAB Substrate Working solutions were added to 
the tissue and incubated 10-min wash two times for 3 min 
each with wash buffer. An adequate amount of haematoxylin 
stain was added to the slide to cover the entire tissue surface 
for counterstaining.  
2.7. Statistical Analysis: 
All values were presented as means ± standard error of the 
means (SEM). Statistical analysis was performed using 
GraphPad Prism version 5 (Graph-Pad, San Diego, CA). A 
comparison between different groups was carried out using 
one-way analysis of variance (ANOVA), followed by a Tukey–
Kramer’s multiple comparisons test. A difference was 
considered significant when P less than 0.05.  
3. RESULTS  
3.1. Comparison between injected brilliant blue only and 
curcumin with brilliant blue on % change in body weight 
and relative kidney and testis weights: 
As shown in table (1); compared to the normal control 
group, there was statistically significantly increased in 
relative testis weight (16%) and body weight (3 folds) in 
group received dyes brilliant blue alone. The administration 
of curcumin with brilliant blue nearly normalized relative 
testis and body weights against brilliant blue toxicity when 
compared with the group of rats received brilliant blue 
alone.
 
Table 1: Comparison between injected brilliant blue only and curcumin with brilliant on % change in body weight and relative 
kidney and testis weights after 30 days of treatment. 
Groups 
% Change in Body weight Relative Kidney weight 
(%) 
Relative Testis weight 
(%) 
Normal Control 11.71 ± 0.24 0.87 ± 0.06 2.62 ± 0.10 
BB   43.71* ± 0.24 0.86 ± 0.07 3.05* ± 0.03 
CUR+BB 12.89# ± 0.16 0.86 ± 0.04 2.52# ± 0.07 
CUR  11.40# ± 0.23 0.87 ± 0.01 2.65# ± 0.06 
Data are expressed as means ± SEM of six rats per group.             *Signiﬁcantly different from the normal control group. 
#Signiﬁcantly different from BB group using one-way ANOVA followed by the Tukey–Kramer test for multiple comparisons test at P ≤ 0.05. 
 
3.2. Kidney Function Parameters: 
-As shown in figure (1), at the end of the experiment BB 
induced a significant increase in BUN (53%), creatinine 
(100%) and uric acid (32%) levels as compared with normal 
control rats. While administration of CUR significantly 
decreased BUN (31%), creatinine (57%) and uric acid (28%) 
levels as compared with BB-treated rats.  
3.3. Hormonal Parameters: 
-As shown in figure (2), BB induced a significant decrease in 
serum FSH (46%), LH (50%) and Testosterone (21%) levels 
as compared with normal control rats. On the other hands, 
treatment with CUR significantly increased serum FSH 
(87%), LH (78%) and Testosterone (20%) levels as 
compared with BB-treated rats. 
 
 
Figure 1: Effect of curcumin (CUR, 50 mg/kg) on serum BUN (a), creatinine (b) and uric acid (c) levels in brilliant blue (BB; 20 
mg/kg) treated rats.            
Data are expressed as means ± SEM (n=6). * Signiﬁcantly different from the normal control group.  # Signiﬁcantly different from the BB-treated 
group using one-way ANOVA followed by the Tukey–Kramer test for multiple comparisons test at P ≤ 0.05. 
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Figure 2: Effect of curcumin (CUR, 50 mg/kg) on serum FSH (a), LH (b) and testosterone (c) levels in brilliant blue (BB; 20 
mg/kg) treated rats. 
Data are expressed as means ± SEM (n=6). * Signiﬁcantly different from the normal control group.  # Signiﬁcantly different from the BB-treated 
group using one-way ANOVA followed by the Tukey–Kramer test for multiple comparisons test at P ≤ 0.05. 
 
3.4. Oxidative Stress Parameters in Kidney and Testis 
Homogenate: 
-As shown in table (2), BB induced a significant decrease in 
kidney GPx (17%) accompanied with significant increase in 
kidney ROS (25%), PC (42%) and LPO (3 folds) contents as 
compared with normal control rats. On the other hands; 
treatment with CUR significantly increased in kidney GPx 
(18%) accompanied with significant decrease in kidney ROS 
(18%), PC (28%) and LPO (74%) contents as compared with 
BB-treated rats. 
  
Table 2: Comparison between oral administration of brilliant blue only and curcumin with brilliant blue on kidney GPx, ROS, PC 
and LPO contents after 30 days of treatment. 
 
    Groups 
Oxidative stress in kidney   
GPx 
(IU/ g protein) 
ROS 
(µmol NBT/ g tissue) 
PC 
(nmol / mg) 
LPO 
(nmol/ mg protein) 
Normal control 23.19 ± 0.63 16.44 ± 0.29 28.00 ± 0.62 0.32 ± 0.83 
BB   19.28* ± 0.19 20.62* ± 0.63 39.70* ± 0.51 1.30* ± 0.15 
CUR+BB 22.71# ± 0.62 17.00# ± 0.52 28.60# ± 0.44 0.34# ± 0.44 
CUR  23.17# ± 0.28 16.46# ± 0.43 27.80# ± 0.69 0.30# ± 0.21 
Data are expressed as means ± SEM (n=6).*Signiﬁcantly different from the normal control group.  #Signiﬁcantly different from the BB-treated 
group using one-way ANOVA followed by the Tukey–Kramer test for multiple comparisons test at P ≤ 0.05. 
 
As shown in table (3), BB induced a significant decrease in 
testis GPx (32%) accompanied with significant increase in 
testis ROS (53%), PC (40%) and LPO (3 folds) contents as 
compared with normal control rats. On the other hands; 
treatment with CUR significantly increased in testis GPx 
(44%) accompanied with significant decrease in testis ROS 
(34%), PC (20%) and LPO (73%) contents as compared with 
BB-treated rats. 
 
Table 3: Comparison between oral administration of brilliant blue only and curcumin with brilliant blue on kidney GPx, ROS, PC 
and LPO contents after 30 days of treatment. 
 
Groups 
Oxidative stress in testis 
GPx 
(IU/ mg protein) 
ROS 
(µmol NBT/ g tissue) 
PC 
(nmol / mg) 
LPO 
 (nmol/ mg protein) 
Normal control 15.43 ± 0.28 6.18 ± 0.51 16.14 ± 0.19  0.40 ± 0.51 
BB   10.42* ± 0.54 9.44* ± 0.32 22.62* ± 0.51  1.52* ± 0.38 
CUR+BB 15.00# ± 0.71 6.21# ± 0.44 18.03# ± 0.62 0.41# ± 0.27  
CUR  15.91# ± 032 6.03# ± 0.62 15.46# ± 0.51  0.38# ± 0.25 
Data are expressed as means ± SEM (n=6).*Signiﬁcantly different from the normal control group. #Signiﬁcantly different from the BB-treated 
group using one-way ANOVA followed by the Tukey–Kramer test for multiple comparisons test at P ≤ 0.05. 
3.5. Effect of CUR on histopathological alterations and 
Casp-3 immunoreactivity in BB-induced toxicity in rats: 
-Hematoxylin & eosin (H&E, 400×) stained kidney sections 
demonstrated in Figure (3); photomicrograph representing 
kidney of normal control rat showed normal histological 
structure of renal parenchyma. Administration of BB showed 
vacuolation of epithelial lining renal tubules, congestion and 
vacuolation of glomerular tuft. Daily administration of 
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CUR+BB showing congestion of glomerular tuft and 
intertubular renal blood vessels is still observed. On the 
other hands, administration of CUR only showed no 
histopathological changes. 
-Hematoxylin & eosin (H&E, 400×) stained testis sections 
demonstrated in Figure (4); photomicrograph representing 
testis of normal control rat showed normal histological 
structure of seminiferous tubule with normal 
spermatogoneal cells and complete spermatogenesis. 
Administration of BB showed small diameter seminiferous 
tubules associated with degeneration and necrosis of 
spermatogoneal cells lining seminiferous tubules. Daily 
administration of CUR+BB showed no histopathological 
changes and complete spermatogenesis with sperm 
production. Similarly, administration of CUR only showed no 
histopathological changes and complete spermatogenesis 
with sperm production. 
-Immunohistochemical staining kidney and testis sections 
(200×) of Casp-3 demonstrated in Figure (5); 
photomicrograph of group (1) in kidneys and testis of rats 
from normal control group showed no expression of 
caspase-3 (negative immunohistochemical reaction). Group 
(2) Immunohistochemical staining of caspase-3 in kidneys 
and testis of rat treated with BB showing strong positive 
expression of caspase-3 (immunopositivity indicated by 
brown colour). Group (3) Immunohistochemical staining of 
Caspase-3 in kidneys and testis of rats treated with CUR+BB 
showing, no expression of Caspase-3 (negative 
immunohistochemical reaction). Group (4) Immuno-
histochemical staining of Caspase-3 in kidneys and testis of 
rats treated with CUR only showed no expression of Caspase-
3 (negative immunohistochemical reaction). 
 
Figure 3: Hematoxylin & eosin (H&E, 400×) stained kidney sections. Normal control rat showed normal histological structure of 
renal parenchyma (a). Administration of BB showed vacuolation of epithelial lining renal tubules, congestion and vacuolation of 
glomerular tuft (b). Daily administration of CUR+BB showing congestion of glomerular tuft and intertubular renal blood vessels 
is still observed (c). On the other hands, administration of CUR only showed no histopathological changes (d). 
 
Figure 4: Hematoxylin & eosin (H&E, 400×) stained testis sections. Normal control rat showed normal histological structure of 
seminiferous tubule with normal spermatogoneal cells and complete spermatogenesis (a). Administration of BB showed small 
diameter seminiferous tubules associated with degeneration and necrosis of spermatogoneal cells lining seminiferous tubules 
(b). Daily administration of CUR+BB showed no histopathological changes and complete spermatogenesis with sperm 
production (c). Similarly, administration of CUR only showed no histopathological changes and complete spermatogenesis with 
sperm production (d). 
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Figure  5:  Ameliorative effects of curcumin (CUR, 50 mg/kg) on  optical  density  of  caspase-3  expression  in  kidney (a)  and 
testis  (b) tissues in brilliant blue (BB; 20 mg/kg) induced kidney-testis injuries in  male rats.  
4. DISCUSSION 
In the present study, the brilliant blue treatment augmented 
the weight of testes as well as body weight compared to 
control group this results are similar to Chatterjea and 
Shinde (2002) 24 they found that, there is the toxic effect of 
a dye could be analyzed by monitoring alterations in the 
body weight of the animals. Meanwhile the administration of 
curcumin with brilliant blue showed that, the curcumine 
nullifies the toxic effect of brilliant when compare to group 
given brilliant blue alone. This finding is in similar with the 
reported of Mishra and Palanivelu, 2008; Nair et al. 
(2010) 25, 26 who reported that, Curcumin is classified as a 
polyphenol compound that gives turmeric its bright yellow 
color. Besides being a communal dietary complement, it is 
used as a food coloring tool.  Curcumin holds a high  place in 
ayurvedic  medicine  as  a  “cleanser  of  the  body” and  
today,  science  has  documented  several diseased  
conditions that can be  healed by the vital components of 
turmeric. 
In an animal study, the effects of brilliant blue on serum 
urea, creatinine and uric acid showed that increased level 
compared to control groups.This is in agreement with Helal 
et al. (2000) 27 who found a significant 
elevation in serum creatinine and urea in 
rats that consumed a synthetic or natural food colorants afte
r 30 days of treatment. Moreover, the present results are ina
ccordance with data reported by Ashour and Abdelaziz (20
09)28 who observed a significant elevation in serum creatini
ne and urea levels of rats dosed with  organic 
 azo dye (fast green) orally for 35 days. On the other hands; 
groups treated curcumin with brilliant blue, showed protect 
the kidneys against the toxicity of brilliant dye comparing to 
the group of rats treated with brilliant blue alone. The results 
agreement by Yousef et al. (2008) 29 who reported that 
curcumin significantly improved creatinine and urea 
clearance, another report by  Jagadeesh  et  al. (2009) 30 
showed that hepatic-carcinogen  exposed  rats  treated  with  
curcumin   showed  an  amelioration  of  the  altered 
biochemical parameters (urea, creatinine) giving an 
indication of the protective effects of curcumin on 
hepatocarcinogenesis  induced in rats. 
The brilliant blue-treated rats showed increased level of 
Lipid peroxidation index (LPO),   protein carbonyl (PC), and 
reactive oxygen species (ROS) and decreased level of 
glutathione peroxidase (GPx) in homogenate kidney and 
testes as compared to control. These findings clearly proved 
the oxidative toxic effect of brilliant blue on kidneys and 
testes tissue through the generation of free radicals and 
disorganization of the redox statues. This finding is in 
agreement with the results of Himri et al. (2011) 31, a study 
has demonstrated the generation of ROS by food colours 
which could induce oxidative stress. Production of ROS in an 
organism was correlated  to  the  decreased  levels  of  
antioxidant  enzymes,  which  results  in  oxidative  stress 32.  
The oxidative stress is due to the disruption of the 
equilibrium between production of free radicals and their 
being scavenged by the antioxidant system 33. As a result of 
ROS formation, the antioxidant defense mechanism  of  the  
cells including SOD, CAT and GSH began to prevent the cell 
death by these toxic radicals so their levels in the tissue 
homogenate  were  decreased  specially  at  higher  doses  34. 
In the present study, observed the effect of brilliant blue 
(BB) administration (20 mg/ kg) caused a significant reduce 
in serum luteinizing hormone (LH), follicle stimulating 
hormone (FSH), testosterone accompanied with significant 
increase kidney function parameters; these findings are in 
accordance with Mahmoud (2006) 35 who found that the 
most significant adverse effects of the brilliant blue dye on 
the testis tissue is probably a direct inhibition of 
testosterone levels. Meanwhile the obtained results revealed 
the administration of curcumin with brilliant blue showed 
ameliorative effect in serum luteinizing hormone (LH), 
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follicle stimulating hormone (FSH) and testosterone level 
when compared to the group rats received brilliant blue 
alone. This finding reflects the powerful of curcumin on 
remove brilliant toxicity through cellular metabolic 
processes. The principal colouring components of curcumin 
scavenge free radicals at the cost of becoming weak free 
radicals themselves 15.  
The antioxidants are another subgroup of the preservatives, 
essential to extend the shelf life of many food stuffs. 
Antioxidants as curcumin prevent the oxidation of molecules 
by donating a hydrogen atom or an electron, becoming 
themselves reduced, in the radical form, but contrary to 
other radicals, antioxidants when in radical form are stable 
and do not allow further reactions to take place 36. Food 
antioxidants are used for extending shelf life and impeding 
decay while not adding taste or odors to food or modify 
appearance 37. 
5. CONCLUSION  
The addition of synthetic color, specifically at high 
concentration and for a long time leads to harmful 
biochemical and histological effects on body organs. 
Meanwhile, curcumin has been recognized as an important 
therapeutic natural product with high medical value as a 
strong natural antioxidant.  Despite the large number of 
papers, a very small number of clinical trials were conducted 
specifically on humans in order to fully confirm and prove its 
effectiveness and more attention should be paid towards 
using curcumin as natural colorants. 
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